A nomad is a person who roams endlessly, with no particular home. We consider nomads who travel along the edges of a directed graph without ever encountering one another.
More precisely, let an l-circuit decomposition of a directed graph G on n vertices be a decomposition of G into directed circuits C 1 , . . . , C m of the same length l; when l = n, such a decomposition is called a Hamilton decomposition. Many natural questions arise. In the complete digraph with n vertices, each ordered pair of distinct vertices forms an edge. Hence there are n 2 − n edges, and this is divisible by both n and n − 1. Tillson [2] showed that every complete n-vertex digraph with n 8 admits a Hamilton decomposition. Question 1. Does every sufficiently large complete digraph admit a nomadic Hamilton decomposition? If so, is it true that every Hamilton decomposition of every sufficiently large complete digraph is nomadic? Question 2. Does the complete n-vertex digraph admit a nomadic (n − 1)-circuit decomposition, for sufficiently large n? If so, is it true that, for sufficiently large n, every (n − 1)-circuit decomposition of it is nomadic?
A tournament is a digraph obtained by orienting the edges of a complete graph. It is regular if at each vertex the indegree and outdegree are equal (in which case the number of vertices is odd). Kelly (see Moon [1] , p. 7, Exercise 9) conjectured that every regular tournament of order at least three admits a Hamilton decomposition. Comment. Nomadic path decompositions may be defined similarly, with the nomad starting at the initial vertex of the path. Zsolt Tuza observed that every complete digraph of even order admits a nomadic decomposition into Hamilton paths, namely the decomposition derived from the Walecki decomposition of K 2n into Hamilton paths upon replacing each path by two oppositely directed paths.
One may also ask such 'nomadic' questions about Euler tours in eulerian graphs. For example, how many nomads, all following one Euler tour in the same direction, can be placed so that no two occupy the same vertex at any time? [3] constructed arbitrarily long nonrepetitive sequences using only three symbols.
A natural generalization for graphs is defined as follows. A coloring of the edges of a graph G is nonrepetitive if along each path the sequence of colors is nonrepetitive. We call the minimum number of colors in a nonrepetitive coloring the Thue number of G and denote it by (G). Every nonrepetitive coloring is a proper edge-coloring, so (G) (G). We seek an analogue of Vizing's Theorem.
Question 1. Does there exist a constant c such that (G) c (G) for every graph G?
Comment. In [1] we proved, using the probabilistic method, that (G) c (G) 2 for some absolute constant c. For some classes of graphs, linear upper bounds on (G) were derived by simple explicit colorings. For example, (K n ) 2n−3, and (T ) 4( (T ) − 1) for every tree T with at least two edges.
There are many exciting generalizations of nonrepetitive sequences and for most of them it also makes sense to study graph-theoretic variants. In principle, any property of sequences can be translated into a property of graphs, via colored paths. In particular, one may take any avoidable pattern and study its behavior on graphs. In this way new challenging problems arise relating Graph Theory to Combinatorics on Words.
In [2] , the authors study more restrictive conditions than nonrepetitive coloring. A parity edge-coloring is an edgecoloring in which no path uses each color an even number of times, and it is a strong parity edge-coloring if no open walk uses each color an even number of times. The minimum numbers of colors in such colorings are denoted p(G) andp(G), respectively. Every parity edge-coloring is a nonrepetitive coloring, so Dirac [1] proved that minimum degree at least n/2 in an n-vertex graph forces the existence of a hamiltonian cycle (a spanning cycle); the threshold is sharp. We seek a generalization of Dirac's theorem to k-uniform hypergraphs.
In a k-uniform hypergraph, every edge is a k-element subset of the vertex set. A cyclic ordering (v 1 , v 2 , . . . , v n ) of the vertex set is a hamiltonian chain if every set of k cyclically consecutive vertices is an edge. An ordinary graph is a 2-uniform hypergraph, and this definition reduces to the usual definition of hamiltonian cycle when k = 2.
To generalize Dirac's theorem, we need an appropriate notion of degree for hypergraphs. For l < k, the degree of an l-set S of vertices is the number of edges containing all of S. Although k is fixed, for clarity we denote the degree by d k (S). Furthermore, (l) k (H) denotes the minimum degree over all l-tuples in the k-uniform hypergraph H.
Conjecture.
If H is a k-uniform hypergraph on n vertices, and
Comment. A Dirac-type theorem is proved in [2] for all k, but its degree bound is probably not sharp: the result is that [3] proved that (2) 3 (H) > 1 2 n + o(n) suffices for 3-uniform hypergraphs when n is sufficiently large n. The proof uses the hypergraph version of Szemerédi's regularity lemma and works only for extremely large n.
A construction in [1] shows that the conjectured bound would be sharp.
For finite graphs with minimum degree at least n, sufficiently large girth forces a subdivision of the complete graph K n+1 . That is, for each positive n, there is an integer t n such that every graph with girth at least t n and minimum degree at least n contains a subdivision of K n+1 (proved in [4] ). What is the minimum value t n that suffices? Conjecture 1 (see Mader [5] ). Every finite graph of minimum degree n and girth at least 5 contains a subdivision of K n+1 .
Comment.
The well-known result of Dirac [1] on subdivisions of K 4 states that t 3 = 3 suffices. By modifying the last step of the proof in [4] , Kühn and Osthus [2] showed that t n = 186 suffices for all n. More recently, in [3] , they provided further support for Conjecture 1 by improving this to t n = 27 for all n. The sufficiency of t n = 5 seems very probable at least for n = 4 (see [6] ). The complete bipartite graph K n,n shows that the conjecture is sharp for n 4.
known that any two n-vertex trees T 1 and T 2 that are not stars pack into the complete graph K n [1] . The packing of three trees is more difficult; see [2] for a complete solution.
Here we seek a more restricted packing; we want to pack T 1 and T 2 into some planar graph with n vertices. That is, we want to draw both T 1 and T 2 in the plane using exactly n vertices so that no edge is repeated and no two edges cross. It is obviously necessary that neither tree be a star.
Conjecture (Garcia et al. [3] ). For any n-vertex trees T 1 and T 2 , with neither being a star, it is possible to pack them into some planar graph with n vertices.
Comment. In [3] the conjecture is proved when T 1 = T 2 and when one of the trees is a path. Note that if repeated edges are allowed, then the question is trivial: place the n vertices on a circle and draw T 1 inside it and T 2 outside it.
